Introduction
Thermal burn injuries are among the most severe forms of trauma with both local and systemic effects. Moreover, such injuries can lead to the dysfunction of the host's defence system, and thus are associated with increased risk of susceptibility to infections and death (1, 2) .
The severity of burn injuries is measured by the total body surface area (TBSA). The normal immune defence mechanisms start to become suppressed with burns of about 25% TBSA. It is possible that some suppressive substances excreted from burned tissue are responsible for immunosuppression (3) (4) (5) . The disorders of this mechanism are under the influence of an acute thermal trauma that can change the immune cell numbers during burn injuries (1, 6 ), which may affect the level of activation processes in the immune system (7) .
However, peripheral blood lymphocytes represent the most important line of host defence against pathogenic microorganisms in humans. It is predicted that prolonged lymphocyte dysfunction will be seen among the strongest, most serious, and life-threatening infections (8) ; particularly, type I T-cell response are essential for the host defence against intracellular pathogens (9, 10) .
In recent years, several experimental and clinical studies have been conducted on postburn changes of peripheral blood lymphocyte subsets (11) (12) (13) . However, no explanation has proven to be wholly satisfactory. The immunology of burn injuries is an important cause of public health problems worldwide, especially in economically develop- 2 ing countries (14) . In Iran, burn injuries yield significant morbidity and mortality (15, 16) .
For these reasons, we aimed at determining the expression and changes in the number and phenotypes of peripheral blood mononuclear cell subsets and their markers including CD3 , and calculating the correlation between these cell levels and TBSA thermal burn with 30%->70% on Days 3 and 7 postburn in Iranian patients. This study may help establish procedures capable of reducing the frequency of burns. To the best of our knowledge this was the first immunological study related to thermal burn patients.
Methods

Patients
Peripheral blood mononuclear cells (PBMC) of 67 samples from severely burned patients (40 males and 27 females) aged 18 to 60 years, admitted to the burn center of Motahari hospital (the only referral burn hospital in Tehran, Iran), were analyzed using monoclonal antibody immunofluorescent staining and flow cytometry and were compared to healthy controls (17) . Informed consent was obtained from the patients or their family members. The study protocol was approved by the ethics committee of the hospital.
We assessed TBSA of at least 30% (range: 30%->70%) in both the patients and healthy controls. In most cases, the cause of burn was fire flames. All patients received the standard treatment practiced in the burn unit, which includes debridement and medication therapy. None of the patients had physical disorders before the burn accident. The patients were divided into 3 groups according to the TBSA percentage: Group 1 with TBSA= 30% -50% (n=29), Group 2 with TBSA= 50%-70% (n= 23), and Group 3 with TBSA= 70% or more (n= 15).
Initially, blood samples were collected from each patient at the time of admission to the burn center. Complete blood counts (CBC) were performed by an automatched hematological instrument (coulter Co, USA), and white cell differential counts were conducted on the smears of all patients. Then, blood samples were drawn in the morning between 9:00 AM to 11:00 AM on Days 3 and 7 postburn simultaneously for hematology and flow cytometric analysis. Unfortunately, 5 patients died before the sampling was completed.
A Fresh whole blood samples (2 mL) were collected into sterile ethylene diamine tetra acetate (EDTA) blood collection tubes. For surface, marker staining on unstimulated lymphocytes aliquots (100µl) of well-mixed anticoagulated whole blood were added to polystyrene tubes and incubated at room temperature in the dark with the 20µL of each combination of conjugate monoclonal antibodies for each sample. After incubation, fluorescence activated cell sorter (FACS) erythrocyte lyzing solution was added. Finally, samples were washed twice and analyzed immediately using the flow cytometry system.
Statistical analysis
Data were analyzed by one-way ANOVA, mean±SEM, and student t test using SPSS 15. Statistical significance was set at p< 0.05.
Results
Changes in the number and phenotype of lymphocytes in all patients (males and females) following thermal burn injury with TBSA 30%->70% were determined by flow cytometry on Days 3 and 7 postburn. Table 1 Additionally, reduced number of CD16 + NK cells on days 3 and 7 was observed following injury in patients with burns. As displayed in Table 1 , no significant difference was found in CD16 + NK cells between Days 3 and 7 postburn. The mean percentage of the number of CD16 + (NK cells) appeared to be higher on the seventh day when compared to the third day postburn. During the study period, patients with thermal burns showed a profound reduction in the mean percentage of the most mononuclear cell subsets compared to healthy participants. WBC s gradually decreased in all patients at the time of admission to the hospital and during the whole course (7 days); however, the differences were not statistically significant (p>0.05). + of lymphocytes were gradually decreased in patients with TBSA of greater than 30%; however, the differences were not statistically significant. We found no differences between the groups after 3 days postburn ( Table 2) .
On the third day postburn, patients with 30% to 50% and 50% to 70% TBSA showed a mild decrease in the proportion of CD3 + CD4 + /CD3CD8 + ratio. However, the differences were not statistically significant between the 2 groups in burn size, but the levels of CD4 + /CD8 + ratios began to increase in patients with TBSA more than 70% (Table 2 ). In patients with TBSA 30% ->70%, 3 days after burn injury, the mean percentage of CD19 + (B cells) significantly and gradually increased when the level of cells was compared in the 3 groups according to burn size (TBSA %). The mean percentage levels of CD16 + (NK cells) in patients with TBSA of greater than 30% to more than 70% insignificantly decreased in each group 3 days postburn. Table 3 
Discussion
Burn injuries are a financial burden for health care systems worldwide and are among the most common and 
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devastating forms of trauma. The immunological deficit following thermal burns is a serious problem because it can delay the changes in peripheral blood mononuclear cells to normal levels (6, 8, 18) . Application technique of flow cytometry analysis of cells positively stained with monoclonal antibodies has enabled us to make a more precise documentation of changes in the mononuclear cells 3 and 7 days after injury. In our study, Days 3 and 7 postburn were selected for specimen's collection based on the reports by Deveciand et al (19) . We found a positive correlation between CBC and white blood cell differential count, which was scheduled every day or as required, and lymphocytes number in these patients. We also found a reduction in the number of lymphocytes population as well as WBC, which may contribute to the impairment of general mechanisms for immunoregulation during burn shock and transition of blood to the level of self-regulation. This is the sign of immunosuppression development.
Thus, it is concluded that based on our results, most cells reflect the severity of injury on Day 7 postburn, but affect the CD4 and CD8 positive cells to a lesser extent. Moreover, the reduction of CD4 + cells could be a consequence of the programmed or selective death of these cells in postburn periods, a process known as apoptosis (8, 20) . Increased numbers of CD19 + (B cells) on Day 3 could be responsible for the increase in infections in these patients. Slightly elevated CD16 + NK cell counts on Day 7 compared to Day 3, may contribute to the injury-induced failure of NK cells function occurring after burn injury. Lymphocytes immune phenotypechanges were also correlated with TBSA percentage when we compared the 3 groups of patients (Tables 2 and 3) .
The results of our study were also consistent with those of other reports (6, 21) . Regarding the immune system, all parts have been reported to be affected in burn injuries (22) . Furthermore, the burn size appears to matter, as burns of >30% TBSA particularly affect the immune system (23) . These changes are either numerical or functional. Additionally, patients with TBSA>30% showed significantly lower levels of CD3, CD4, and CD8 positive cells on Day 7 compared to Day 3 postburn injury, which was accompanied by decreased immunological activation in these patients. Our results suggest that changes in these cells should be interpreted as a marker of an ongoing infection. A change in the ratio of CD4 to CD8 positive cells after the injury is seen more commonly in those patients with TBSA>70% on Day 7 postburn. These results were similar to those of other reports (24) .
Alteration in the balance between T suppressor lymphocytes and T-helper lymphocytes and the ratio of Th-1 to Th-2 cells appears to be an important etiological factor in the suppression of adaptive immune response following burn injury (22, 25, 26) . Furthermore, burn toxin is one of the factors that was characterized as a polymerized complex of cell membrane lipid proteins (lipid protein complex) (27) . This has been shown to inhibit the proliferation of normal T-lymphocytes in response to stimulation (11, 23) . On the other hand, nutritional deficiencies in postburn patients definitely predispose them to immune defects.
Early and specific nutritional support can lead to restoring protein synthesis and normal immune function. Researchers examined the efficacy of immune modification diets such as glutamine-enriched diets (glutamine serves as an important source of fuel for lymphocytes and macrophages) and their clinical benefits and may prevent immunologic shortcomings and death (28) (29) (30) . Therefore, peripheral blood lymphocyte defects are characterized by decreased responsiveness to infection (31) (32) (33) . Moreover, we and other labs have previously established that severe burns cause impairment in peripheral blood mononuclear cells and the maximal effect occurs at several days following burn injury (18, 24, 25) . The distribution of peripheral blood lymphocytes infers that significant alterations occur in CD19 + (B cells) on Day 3 postburn. Because most B cells responses are regulated or critically dependent on Tcell help, it is not surprising that many studies have shown a variety of defects in humeral immunity after thermal injury (7, 9, 34) . The defect appeared because of a suppressor lymphocyte affecting B cell function in each group according to the percentage total body burned (TBSA).
Insignificant changes in the level of CD16 (NK cells) population may induce apoptosis or activation induced cell death in mature lymphocytes. Therefore, it has to be taken into consideration that variable changes of CD19 + and CD16 + may contribute to the higher incidence of infection and sepsis in patients after burn injury, especially in cases with burns of >30% TBSA (26, 32, 35) . Finally, the failure of peripheral blood lymphocytes to regulate the immune response is considered to be an important immunological and physiological consequence of major immunosuppression after thermal burn injury (1, 4, (36) (37) (38) (39) (40) .
Conclusion
Quantitative flow cytometry with triple colour analysis was used to determine the immune status in patients with thermal burns from 30%->70% TBSA up to 7 days. The results of data analysis revealed that thermal burn injury affects the number of circulating mononuclear cells (MNCs). Moreover, it was further revealed that TBSA% can reflect postburn lymphocytes activation, early prophylactic antibiotic usage, and adequate nutritional support of patients with severe burn injuries, and it may prevent patients from normal immune function defects. Consequently, the changes of lymphocyte subsets levels after thermal injury may provide valuable information to avoid the possible future complications.
